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THE IMPACT OF SOLAR CENTRAL ELECTRIC TECHNOLOGY ON THE REGULATED UTILITY
Donald A. Murry, Director
Center for Economic and Management Research
College of Business Administration
University of Oklahoma
Norman, Oklahoma

Abstract
The generation of electricity by solar energy in the U.S. is moving
from the design stage to the pilot plant stage. Some persons have
argued that at least some of the base line technologies are competi
tors now or are approaching parity with other energy sources, at
least when the social costs and benefits are considered. This paper
evaluates briefly the institutional framework of the regulated elec
tric utility, the proforma impact of a solar electric plant upon an
operational utility. We conclude that under the present regulatory/
institutional framework, the solar electric technology will be de
veloped at a date that is slower than the resource allocation
optimal.
1.

INTRODUCTION

for solar electric.

Consequently, in this

paper we look to the institutional frame

The concept of solar central electric ap

work for adopting the solar electric tech

plications technology in the United States
is in the difficult period between having

nology.

some principal technical procedures devel

For selecting among alternatives, we are

oped, with a variety of plausible alterna

interested in the economic feasibility of

tive configurations to choose among, and

the various forms of solar central facili

having actual prototypes, experience and

ties for the generation of electricity.

data.

Naturally, the environmental attractiveness

This paper is in the difficult spot

of being able to identify the framework in

and inexhaustible potential of solar elec

which the solar central electric technolo

tric add to its appeal.

The real economic

gy will be likely be developed but not

feasibility and impact of various solar

having available detailed engineering cost

choices will not be understood until the

estimates of specific plants.

expanded federal solar research and devel

The objectives for the solar electric ap

opment program has registered actual re

plications program call for a commercial

sults from the planned pilot plants.

system of solar energy by the mid-1980s

The purpose of this paper is to take the

and an orderly progression throughout the

proforma impact of the designs for the

remainder of this century.

proposed Hobbs, New Mexico solar electric

There is a

view on the part of some proponents that

facility upon the New Mexico Electric Ser

economic feasibility could arrive earlier

vices Company and to consider the potential
768

impact of this technology upon the regu
lated public utilities generally.

aiming the collected solar energy at a

A spe

cial purpose of this paper is to evaluate

single point or region (the receiver) and
converting the sunlight to heat at that

whether or not there are any special pro

point.

visions, regulatory or otherwise, that can

water/steam (or other fluid) system which

The heat is then transferred to a

encourage the economically optimal inte

is passed through a turbine for the gen

gration of solar central facilities into

eration of electricity.

established public electric utilities.

the central receiver will be mounted on a

II.

In this concept,

tower in order to provide direct line of

THE STATUS OF THE SOLAR ELECTRIC
APPLICATION PROGRAM

sight with the multiple reflecting sur

The solar electric application program of

faces.

the Energy Research and Development Ad

vices, called heliostats, will be assem

ministration has stated that the near-term

bled in a fieldbed at the base of the

objective is " . . .

tower.

to assist industry in

These collecting/reflecting de

Each heliostat must track the sun

developing a technology which will call

with sufficient accuracy to maintain its

for implementation by the mid-1980s of

focus on the receiver.

commercial solar thermal electric generat

has entertained "Phase I" preliminary de

ing plants and total energy systems which

sign efforts on this concept from teams

make use of both electric and thermal out*
put."
Currently, there are three basic

Donnel Douglas and (for the heliostats

technologies being pursued.

only), Boeing Engineering, for a lOMWe

At this time, ERDA

headed by Honeywell, Martin Marietta, Mc-

First, the

pilot plant (see Table 1).

central receiver technology consists of

kk

A scaled down

TABLE 1
Characteristics of the Designs for the
Pilot Central Receiver Solar Plants
Parameters

Minimum

Maximum

Number of Heliostats

1,718

4,968

Receiver Height
Tower Height
Storage Time

83 ft.

312 ft.

480 ft.

6

hr.

477 °C

Turbine Inlet Temperature
Turbine Inlet Pressure
Source:

55 ft.

1 , 2 0 0

psia

6

hr.

510 °C
1 , 2 0 0

psia

The Aerospace Corporation, Highlights of the Central
Receiver Pilot Plant and Test Facility Projects, Re
port No. ATR-76 (75223-11)-1.

*

Energy Research and Development Administration, A Natural Plan
for Energy Research Development and Demonstration: Creating Energy
Choices of the Future, Vol. 2, Government Printing Office, Washing
ton, D.C. (June 1976), p. 94.
*

k

The Aerospace Corporation, Highlights of the Central Receiver
Pilot Plant and Text Facility Projects, Semi Annual Review,
November 1975, Report No. ATR-76 (7523-11)-1, p p . 1-2.

769

version of one of these designs could be
the base line design for the proposed

tem somewhat similar to those of tradi

Hobbs plant.

plants.

tional fossil fuel or nuclear generating

The second concept is a fix

ed mirror distributed focus design in

The primary capabilities of the solar

which a two axis tracking mount on the

power plants, under presently perceived

receiver permits the reflecting surface to

technology, appear to be for servicing the

be stationary.

intermediate electric loads.

The large reflecting sur

These are

faces of these fixed mirrors are likely to

the daylight hour loads extending into the

be installed below grade with the receiver

early evening.

mounted on a boom that maintains its posi

thermal and electric storage totaling

For the above designs,
6

tion at the focal point of the collectors.

hours has been considered necessary to ac

The receiver again serves to convert com

count for evening hours and temporary

pressed liquid to steam which is trans

cloud cover; nuclear'and fossil fuel

ferred to the turbo machinery.

plants will still be relied upon primarily

ERDA has

received a technical proposal for this

for the base loads.

technology for a plant of configurations
Not surprisingly, the efforts to assess

ranging from 0.5 MWe to 3MWe from E-Sys*
.
terns, Inc.
A version of this design

potential economic feasibility to date
have produced quite disparate results.

could be the base line design for the

One should, however, evaluate the studies

Hobbs plant.

to date with caution; they have all been
The third concept, distributed collector,

conducted only on the basis of limited

consists of individual solar two-axis

engineering estimates of technology and

tracker concentrators, each with a sepa

costs.

rate heat engine and electric generator.
The electricity will then be gauged for
transmission.

This concept design has

been proposed to ERDA by Honeywell, Inc.

Aerospace Corporation has estimated that
intermediate load 100MW solar plants in

**

the southwestern region of the United

It is especially important to the issues

States (one square kilometer of collectors

of this paper because of its potential for

and six hours of storage) are competitive

altering the traditional structure of the
electric system.

with coalfired 100MW plants, e.g., 46

This concept could, at

mills per KWH for the former and 45 mills

least to a degree, permit more on-site

per KWH for the latter.

solar electric generation for such facili

•k k k

A study of the

feasibility of a solar total energy sys

ties as small communities, public institu

tem (which employs waste heat from elec

tions, industrial and agricultural opera
tions.

Some engineering estimates have

been relatively optimistic, however, e.g.,

tric generation for space heating, water

The other two technologies would

heating and air conditioning), considered

seemingly integrate with a utility's sys

it feasible in 1976, assuming a 2.5 per-

*E-Systems, Inc., Technical Proposal for a Solar Thermal/Electric
Power Plant for Lea County, New Mexico, Revised May 8 , 1975, Report
No. 416-1542 OB.
**Honeywell, Inc., Solar Electric Dispersed System Power Plant,
September 20, 1975, F6049-LA.
***George McCoy and Ronald Jang, "Central Receiver Power System
Analysis," in Aerospace Corporation, op. cit., p. 30, 35.
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cent real interest rate (the nominal in

dures routinized.

terest rate less inflation rate) and

mates are considerably below the design

price decontrols on fossil fuels.

k

Naturally, these esti

estimates for the pilot plant, but they

A

third study distinguished between the dis

are based necessarily on little evidence

tributed collector system and the focusing
**
systems.
On the one hand, the author

at this time.
The estimated prototype cost for the three

concluded that no system involving mirrors

systems for Hobbs are shown in Table 2.

focusing the sun is likely to be " . . .

The costs per installed KWH for the pilot

either (a) an economically feasible ap

plant are obviously quite high in compari

proach to solar electric power generation,

son with alternative forms of electric

or (b) capable of reduction to an accept

generation.

able level of demand for daily maintenance."

kkk

The figures in Table 3, however, take into

On the other hand, the author

account the benefits of mass producing the

argues that the distributed "afocal" sys

components for the solar central facility

tems are close to economic feasibility in

and the reduced costs of operation of a

the current (1975) energy market.

mature system.

These estimated per KWH

To date the feasiblity estimates are based

costs, if they hold as realistic, argue

almost entirely on engineering estimates.

that central solar systems are probably

Naturally, the purpose in evaluating the

closer to commercialization than the

economic performance of a pilot plant is

stated ERDA plan would indicate.

to try to ascertain the true economic costs
associated with central solar systems.

Obviously, the realities of cost estimates
cannot be known until the pilot plants are

These costs must still be estimated.

actually constructed, placed into opera
III.

THE DESIGN ESTIMATES OF THE 5MW
SOLAR PLANT FOR HOBBS, NEW
MEXICO

tion and the experience evaluated.

tion of the components and of learning

Although the plant design proposed for the

through the experience of actual operation

Hobbs, New Mexico, site is for a pilot

can still be determined only after actual

(adopted essentially for its R&D value),

operation.

we have attempted to make some preliminary
calculations of its costs.

The

potential economies of large-scale produc

The New Mexico Electric Service Company

We assumed

has a 118MW net peak demand capability

further that the installation is the twohundredth of its kind and, where feasible,

from a natural gas fueled steam plant with

the hardware is mass produced and proce

an historical 1975 cost per installed KW

William D. Schulze, J. Rangier Balcomb, Roberta Katson, Scott
Noll, Fred Roach and Mark Thayer, "The Economics of Solar Energy:
Policy and Near-Term Prospects," mimeo report of NSF-Rann Project,
entitled "An Economic and Environmental Evaluation of Solar and
Geothermal Energy Sources."

kk

William G. Pollard, Comparative Performance of Solar-Thermal
Systems for Electric Power Generation, Institute for Energy Analy
sis, Report on Contract No. 14-01-001-1699 for the Federal Energy
Administration, January 1975.

** *

Ibid■, p . 39.
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TABLE 2
Estimated Costs for Pilot 5MW Plant*
for Hobbs, New Mexico
Installation Cost
(X $1,000)

System
Central Receiver

Costs per
Installed Peak
KWH

$24,790

$4,958

Fixed Mirror, Distributed Focus

17,580

3,516

Distributed Collector

2 0 , 2 0 0

4,040

Source: Center for Economic and Management Research, "Development
of a Comprehensive Community Management Plan for the City of Hobbs, New
Mexico," report to the Energy Research and Development Administration
(No. E - (40-1)-5009, p. 133.
TABLE 3
Proforma Estimated Costs of Two Hundredth 5MWe Facility*
For Hobbs, New Mexico
System-Type
Distributed
Collector

Central
Receiver

Fixed Mirror,
Distributed Focus

$ 1,810

$ 5,350

Not Available

Cost per Installed
Peak KWH

362

1,070

Interest cost, Operating
Cost and Maintenance
(X $1,000)

289

859

17,520

17,520

.016

.049

Costs
Installation Cost
(X $1,000)

Annual Output (MWH)
Cost per KWH

Source: Personal communications with proposed contractors for
solar central system.

*A11 costs stated in current dollars.
*
of $101.24.

Even converting the histori

quires a more detailed investigation than

cal costs to replacement costs would pro

is possible herein.

bably not close the gap with the estimated
solar plant costs in Table 3.

The 1975 average cost of generation for

But the

New Mexico Electric of

important test for the solar plant is not

.37 mills per KWH

is still considerably less than costs per

the average costs of the existing system,

KWH of the solar systems.

but the marginal costs of equivalently
sized alternatives.

6

The costs of

providing 5 MW of incremental capacity may

That obviously re-

be much closer to the solar costs, howev-

*
New Mexico Electric Service Company, Annual Report to the
Federal Power Commission, 1975.
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er, considering current installed capacity

Typically, economic literature has invoked

costs and increasing operating costs.

the principle of "regulatory lag" to try

The net generation for 1975 was 585,179

to demonstrate that there are incentives

MWH consuming 5,666,369 MCF of natural

for new technology development and absorp-

gas.

tion under regulation.

Obviously, the addition of the 5 MW

k

Regulatory lag

solar central plant with the potential

is the bureaucratic delay in the regula

annual output of 17,520 MWH to this elec

tory process that occurs between rate

tric system, even if reliability could be
assumed, would be relatively minor; at

mission.

this time the solar plant represents 4.2

elapsed time, including the time between

percent of the total installed capacity

initiation and final action on a case, is

and 3.0 percent of the annual generation.

sufficient to induce a utility to invest

It could, nevertheless, displace some

in cost-saving technology; that is, any

natural gas consumption.

cost-savings that result from improved

orders for a particular utility by a com
The presumption is that the

technology will redound to company profits,
The annual operating expenses of the dis
tributed collector plant under this
scenario would increase the company's re
venue requirement from sales of electri
city by 3.0 percent.

If the increment of

at least, until there is a new rate order
from the commission.

reviews as an incentive for technology advances.

generation from the solar plant can be
effectively integrated into the company's

Furthermore, in considering the

influence of regulatory lag it is usually
initiated by companies, implying that they
will delay cases if they can increase pro

pact on the company's rate structure.
IV.

•kk

acknowledged that most rate cases are

load, there is no reason to believe that
this plant will lead to an inordinate im

Baumol has even ad

vocated periodic intervals between rate

fits in the interim via cost-saving tech

THE RECEPTIVITY OF A REGULATED
ELECTRIC UTILITY TO SOLAR ELEC
TRIC TECHNOLOGY

nology.

That position, however, must be

tempered with the observation of the other
factors that influence the allowed rates

Short of funding a solar central receiver
facility with federal funds and linking it

of return in a rate case, e.g., the incre
mental changes in capital costs, operating

to the grid of an established utility with

costs and rate base, may signal a utility

little cost to the local rate payers, the

to initiate a rate proceeding.

incentives for installing the facility,
Some authors have argued that the Averch-

under present regulatory practices, are
not clear.

Johnson effect, namely that rate-of-return

*

...
cf. Martin T. Farris and Roy J. Sampson, Public Utilities,
Houghton Mifflin Co., Boston, 1973, p. 315; William Capron,
Technological Change in Regulated Industries, The Brookings Institu
tion, Washington, D.C., 1971, pp. 5-6; Alfred Kahn, The Economics
of Regulation, Vol. I, John Wiley & Sons, New York, pp. 53-54.

kk

William J. Baumol, "Reasonable Rules for Rate Regulation:
Plausible Policies for an Imperfect World," in Almarin Phillips and
Oliver E. Williamson, eds., Prices:
Issues in Theory, Practice and
Public Policy, University of Pennsylvania Press, Philadelphia, 1967.
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regulation will induce a firm to choose a

substitute for the operating utility.

capital-labor mix that is more capital in

There are identifiable, but as yet unmea

tensive than the minimum cost mix,

sured, external economics associated with

will

**

also induce technological advances.

For

the introduction of central station elec

example, in separate analyses, Bailey and

tric generation.

Capron show that a Hicks-neutral

tech

case of any R&D effort, the development of

nological change will lead to an increase

knowledge from the prototype, experimental

in both capital and profits for a firm

plants will be valuable to the construc

under rate-of-return regulation.

** **

Fol

First, as in the

tion of subsequent plants wherever they

lowing these conceptual arguments, al

are located.

Consequently, the benefits

though there is not corroborating empiri

of this knowledge will go far beyond the

cal evidence, we can anticipate that, all

particular utility; in fact, it is likely

things equal, a utility will embrace in

to extend far beyond the jurisdiction of

novations that are cost reducing.

the affected state commissions, as well.
The existence of these R&D externalities

The prospects of a new electric generation
technology via solar central electric may
not, however, appear to be cost reducing
for utilities.

In fact, given the nature

provides the clear basis for federal con
struction and operating support of the
solar prototypes.

of solar energy, it may be economically

The externalities of solar energy would

feasible as an effective energy alterna

appear to be even more complicated, how

tive long before it is^a cost effective

ever.

The alternative fuel, natural gas,

*H. Averch and L. L. Johnson, "Behavior of the Firm Under
Regulatory Constraint," The American Economic Review, Vol. 52, No
5 (December 1962), pp. 1053-1069.
c f . Farris
Economic Theory
p. 137; Fred M.
William Capron,

and Sampson, op. cit., p. 315; Elizabeth E. Baxley,
of Regulatory Constraint, D.C. Heath & Co., 1973,
Westfield, "Innovation and Monopoly Regulation," in
op. cit., pp. 28-32.

***Hicks-neutral technological change occurs when each new iso
quant has a level of output associated with it that is a given per
centage higher than the old iso-quant.
****Paradoxically, authors have questioned the efficiency of the
Averch-Johnson effect in the presence of "regulatory lag," e.g., a
delay in a commission's response to a utility that increases profits
as a result of cost reductions would encourage management to in
crease profits by choosing a minimal—cost capital and labor mix as
opposed to the Averch-Johnson mix. cf. Elizabeth E. Bailey and R.
Coleman, "The Effect of Lagged Regulation in an Averch-Johnson
model," The Bell Journal of Economics and Management Science, 2, No.
1 (Spring 1971). p p . 278-92; Kahn, op. cit., p. 106; and D.A. Murry,
"Practical Economics of Public Utility Regulation: An Application
to Pipelines," in Milton Russel's Perspectives in Public Regulation,
Southern Illinois University Press, Carbondale, 1973, pp. 36-38.*
*****Some of the problems of dealing with externalities in public
utilities have been reviewed previously. Warren J. Samuels, "Ex
ternalities, Rate Structure, and the Theory of Public Utility Regu
lation," in Harry M. Trebing, ed., Essays on Public Utility Pricing
and Regulation, MSU Public Utilities Studies, East Lansing, Michxgan, 1971, pp. 355-394.
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is sold in the interstate market under

little basis for optimism that the commis

price controls with a short-fall at the

sions will have the capacities, e.g., the

established prices.

legal authorities, the technical staffs

As a consequence, one

cannot expect the market prices to perform

and the fortitude to undertake the plan

their role of rationing the supply options

ning-like activities that would be neces

into their highest alternative.

Under

these circumstances, the incremental sup

sary to evaluate the external benefits of
an attrative potential new energy source

ply of solar generated electricity could

like solar electric.

free price-controlled natural gas for
higher valued but unfulfilled end-uses.

ments of these effects in a typical bene
fit-cost ratio requires a set of skills

Since that is a stated national objective,

and a range of issues that are only in

and the added value cannot be reflected by

frequently associated with utility pro

the interstate market, it is an exter

ceedings;

nality to be associated with the introduc

commissions have embraced somewhat similar

tion of the solar energy supply.
In any case, there is a strong likelihood
that the introduction of the solar energy

Indeed, the measure

(however, in recent years, some

issues in connection with plant and trans
mission line siting and natural gas cur
tailment) .

supply will produce external benefits.

One must also keep in mind the limits of

These benefits should be considered in the

the adversary proceeding.

feasibility calculations of the solar cen

pits several groups of lawyers and witness

tral generating facilities; they may even

es against one another in an apparent zero-

govern its economic viability, which means

sum game, with clear losers and winners,

The process

that the cost calculations of the operat

to establish the evidence upon which to

ing utility will be conservative toward

base a decision.

solar.

There is no provision in

this process that the optimal allocation

Moreover, if there is an under

statement of external social costs of nu

of resources is an objective; indeed,

clear and fossil fuels, e.g., environ

there is no provision that a consideration

mental and safety costs, the economic

of resources optimization will even be

feasibility of solar will be further

offered in evidence.

underestimated by the utility.

The issue of externalities naturally tran

V.

**

scends the jurisdictional boundaries of a

THE ROLE OF REGULATION IN THE
INTRODUCTION OF SOLAR ELECTRIC
TECHNOLOGY

commission just as it does the profit cal
culus of the affected firm.

The difficulties that regulatory agencies

In that case,

the commission would not have the legal

have had in the past in broadening their

capabilities, even if it could acquire the

concept of their role of regulation has

technical capacity, to estimate the bene

been pointed out previously.

k

There is*

fits and costs of a potential solar cen
tral electric installation.

*

cf. Kahn, op. cit., p. 78; Harry M. Trebing, "A Critique of
the Planning Function in Regulation," Public Utilities Fortnightly,
LXXIX (March 16, 1967), pp. 21-30; Harry M. Trebing, "Toward
Improved Regulatory Planning," Public Utilities Fortnightly, LXXIX
(March 30, 1967), pp. 15-24.
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Charles Donahue, Jr., "Lawyers, Economists, and the Regulated
Industries: Thoughts on Professional Roles Inspired by Some Recent
Economic Literature," Michigan Law Review, Vol. 70 (November, 1971),
pp. 195-200.
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VI.

ped to produce resource judgments.

CONCLUSIONS

Public utilities may embrace solar central

utility's choice of energy sources but

electric technology, but they will certain

only in small, indirect ways.

ly undervalue it from the standpoint of
the optimal resource allocation.

The

commissions can be expected to assist the

As a consequence, if the externalities of

The dis

tributed collector system, which may be .

solar electric, as well as those of the

the most cost effective technology, may be

competing energy sources, are to be evalu

slowly integrated with operating utilities

ated in a benefit-cost framework, that

because of its decentralized generating

must be done from a national perspective.

characteristics.

In any event, because of
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That is not the

utilities' fault, however.
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Lacking better
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